in High T Superconductors and Related Transition Metal Oxides, Special Contributions in Honor of K. Alex
Muller on the Occasion of his 80th Birthday, A. Bussmann-Holder, H. Keller, Eds., (Springer Verlag, 2007).

Possible Jahn-Teller effect and strong e ectr on-phonon coupling in beryllium hydride
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Abstract. Possibility of Jahn-Teller effect in exted systems, such as polymers and
guasi-one-dimensional metals, is discussed usingliben hydride as an example. If
this polymer compound could be made metallic byimpge.g., with Lithium), we
conjecture that it should show strong-electron @moonoupling and possibly super-
conductivity with a relatively high critical tempure.

1. Introduction: K. A. Mudler and Jahn-Teller bipolarons

As we all know, the search and the discovery ohti@mperature superconductivity (HTS) in
cuprateS was guided by Karl Alex Miiller’s thinking abouthiaTeller effect (JTE) and strong
electron-phonon coupling. Imagine an isolated iahirster with a Cti cation sitting at the cen-
ter of an octahedral cage comprised of sfxadions. If the highest occupied one-electron state
of this complex can be identified with the haltdd Cu 3d state, one would expect the octahe-
dron to distort as the result of JTE. This indeedld cause strong coupling between the elec-
trons and the ionic displacements. Strong elegbfmomon coupling has been traditionally related
to a ‘high’ T, according to the standard BCS theory. Whetherrgasoning really applies to cu-
prates is debatable; but (to quote D. Pavuna) wiilatoe remembered after all these debates
about HTS have long faded out is that Alex and Gedliscovered the phenomenon in 1986. My
understanding is that Alex actually still believhat in cuprates JTE is operational and leads to
formation of bipolarons which Bose-condense in® TS staté:* Thus it seems appropriate in
the Festschrift honoring his 8®irthday to talk about JTE, strong electron-phonoupling, and
superconductivity, from my personal angle. | hopes twill find at least one interested
reader - although knowing him (i.e, Alex) | am eamty ready for criticism. In any case, here is
my offering.

2. Superconductivity in hydrides

The quest for high-temperature superconductivitf $HHhas been a passion of numerous ex-
perimentalists and theorists for many years. Orth@earliest candidate materials has been me-
tallic hydrogen. Already in 1935, Wigner predictedat molecular hydrogen, which at low tem-
perature is an insulator, would turn metallic (anono-atomic) under high-enough pressure, p >
pc = 25 GPa. This prediction has been revisited syles#ly by other prominent theorists includ-
ing A. Abrikosov, N. Aschcroft, Yu. Kagan, etc., avitalculated’ much higher critical pres-
sure - as high as 1,500 GPa. In 1968, Aschcrasecathe stakes further by predicfirmpldly
that metallic hydrogen would turn superconductinga~ 200 K. | was not around at that time,
but I guess that this must have caused constemdttos was an order of magnitude larger than
the highest 7 found in any superconductor known at that timewdis also much higher than
what was widely believed to be the theoretical jdairgely under the influence of W. McMillan
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and some other leading theorists. One of their &eguments was that very strong electron-
phonon coupling should inevitably cause latticeahgity and distortion. On Aschcroft’s side
was the fact that hydrogen has the smallest mabfi@mce the highest Debye temperature - and
his calculations. So far, we only know with certgithat his prediction about a very high critical
pressure was most probably correct — as far aswlmp has never been reached experimentally.
[At least not for solid hydrogen - liquid hydrogapparently can become metallic under shock
compressiofi]

This makes one turn attention to metallic hydridésre, experimentalists had better luck. Palla-
dium hydride, PdH, was found to be superconducting respectable. F 8.8 K, even though
pure elemental Pd is not superconducting, not eweler high pressure. Even more interesting,
PdH showed a negative hydrogen isotope effect T0.7 K in PdD. Still further increase was
achieved by Cu doping:.F 16.6 K in Pd,CuH. This was rather interestirggr se but it did
not look like a big step in the quest for HTS.

However, in 1986, Overhauser predictéuat LiBeH; and/or LiBeH, may be metallic and show
HTS such as it was envisioned for metallic hydroggms stirred a lot of interest. One of his
statements, that these two compounds have mogiBealvskite crystal structure, has been ques-
tioned and criticized® primarily because his conclusions were based thergour experimental
diffraction data showing just a dozen powder reftes™* Much more work followed, theoreti-
cal and experimentaf;*®and now it appears that neither LiBghor Li,BeH, are metallic, much
less superconducting. There was one glitch in 18@6, when all the daily news disseminated
the Reuters announcement of a sensational disc@fesyperconductivity at T = 350 by K S.
Contreras and J-P. Bastide at the National InstitditApplied Science in Lyon, France. The al-
leged room-temperature superconductor was powdapased of Li, Be, and H. However, this
result® could not be reproduced and was eventually digdify the scientific communify.So,
the quest for HTS in hydrides is still open to amyavith courage (and resources) to try. Addi-
tional motivation can be found in more recent wofkAschcroft?>*> who has persisted at the
forefront of theoretical research on possible hgdrosuperconductivity till this days.

3. Vibronic coupling in OD: the Jahn-Teller effect

The Jahn-Teller theorem has the unfortunate rapuataf being the most misinterpreted result in
physical sciences. [For the clearest account seeEagiman’s book’ Actually, in its simplest
version, the statement is almost trivial. If onswases a molecule (or an ionic cluster) to have
some symmetric structure, determines its electrgpictrum by a quantum-chemical calcula-
tion, and finds that the highest occupied one-edeckevel is degenerate and partially occupied,
the original structure actually must be unstablthwespect to a distortion that removes the de-
generacy.

To see this, let us denote §e > and|e’ > the two degenerate molecular orbitals thatesor
spond to the highest occupied one-electron levad, lat the molecule be subject to a small
asymmetric distortion of magnitude Q. In the fiostler perturbation theory, the level will split
into two, one level going down in energy and thieeotone going up. If the original degenerate
level was occupied by a single electron - | am igrgpthe spin for simplicity - the total electron
energy will be reduced YE = <e’| QaVv/aQ | e> which is linearly proportional to Q. The elas-
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tic deformation of the molecule will cost some ajyeproportional to @ The total energy will
thus have the minimum at some,Q# 0. Jahn and Teller actually went one step furtfar:
every possible molecular symmetry (described bypiiat groupP), they identified the (sym-
metry of) active distortions. Now, contrary to witats been stated even in many textbooks, this
does not mean that the molecule will simply dissatically. Rather, the total energy will have
multiple (symmetry-related) minima with equal prbbiy of occupancy, and the molecule will
tunnel from one to anothé&t The overallP symmetry of the (vibronic) Hamiltonian must be-pre
served!

4. Vibronic couplingin 1D: the Peierlsinstability

Let us turn now to the simplest translation-symimetystem, a periodic linear chain of atoms,
each contributing a single atomic orbidaia> . Let us assume that these orbitals have afisigni
cant overlap® = <e'| e>, so that the hopping integral t = |<Ie|| e> is large enough (specifi-
cally, t >> kT). This gives the electron bagi) = 2t*cos(ka). The electron states are extended
Bloch waves (k) = u(k)*exp(ikx). If the band is partially occigul, the chain is metallic. The
simplest case occurs when each atom contributeglenton. The band is half-filled; the Fermi
level is found at k= 172a. In this case, the matrix element of linearaiic coupling, <Y(-

ke) | U/Q | W(kr) >, is nonzero for Q = 2k= 1Wa. The chain is unstable against dimerization,
since Q =1va corresponds to the wavelength a' = 2a. Thisasvell-known Peierls instability.

The above phenomenon, the Peierls Effect (PE)losely related to JTE, since both are elec-
tronic instabilities driven by the degeneracy oé tfelevant one-electron states, namely the
HOMO levels | e> | e'> in JTE and the Fermi level statpér), Y(-kr), in the Peierls model.
However, there is a profound difference: JTE idrang instability in the sense that the total
electron energy reduction is linear in Q. In cosiir&eierls instability is a much weaker one, be-
cause in that case for a small distortion Q onkyfdw states very close t@ Bvithin some range
AE << E) are perturbed, since the Fermi statistics andi Penciple do not allow the electrons
to crowd very much. The total electron energy réidndn PE isAE ~ @*InQ. The point is that
while both JTE and PE originate in linear vibronmupling, they are qualitatively different in
the sense that JTE is a strong (linear) instabilityle PE is a weak (logarithmic) one.

5. The (absence of) JTE and PE in higher dimensions

In real 3D crystals, one in general does not expEEtinstability because systematic degeneracy
only occurs at some special (high-symmetry) k-vectavhich however form a ‘subset of meas-
ure zero’ within the set of all possible k-vectaad generally don’t count for much at@lThe
asymmetric ones, having no non-trivial point graymmetry, grossly outnumber the special
ones. To say it more technically, irreducible repreations of the relevant symmetry group (the
crystallographic space group that leaves the keveatvariant) are one-dimensional for every
general k-vector. So there is simply no band degeye- except at few irrelevant points.

If the crystal is metallic, there will be so-callsidr degeneracy, i.e., there will be several states
at the Fermi level connected by point-group symynefrthe corresponding wave-vectors. For
example, in a tetragonal crystal, in the plane @edpular to the rotation symmetry axis, the
four statesP(kg), W(C4ke), W(C2Ke), W(Cs ke) must be degenerate. This degeneracy is similar to
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what we had in the PE case described in Sectidghé&difference here is that for a general shape
of the Fermi surface, if we allow the crystal tgtdrt alongQ = 2k, this will reduce the energy
of the electrons at these fokir vectors but will raise the energy of all the otbéctron pairs,
since these other ones are not connected by the QarfRor this reason, the Peierls instability
doesnot occur in 2D or 3D. [The clearest exposition oktpoint was written by D. Thouless in
a chapter of a book that | read many years agabigh | cannot trace now.]

An exception to this rule — i.e., a vibronic instéyp - can occur if there is extensive nesting of
the Fermi surface, so that there are many paiedeatron states at the Fermi level connected by
the samd). But this is not highly likely to just happen bgcadent, and even if it does in some
sense it would be not too different from saying tha dimensionality is effectively reduced.

There has been some confusion about the above puints because the so-called cooperative
JTE indeed occurs in some real (3D) crystals. Hselution of the conflict is that if the crystal
contains molecules or ionic clusters that are cigffitly isolated from one another and from the
crystal matrix, JTE can indeed occur in these iindial molecules or clusters. If an assembly of
such JTE-active molecules or clusters interact Weakh one another, this interaction breaks
the originalP symmetry of the molecule and can align the diging;, leading to collective be-
havior. Note, though, that cooperative JTE stilgioiates in individual molecules or clusters,
while weak inter-molecular coupling merely phasekiothe distortion&®

Another possibility for JTE to occur in a crystalif an electron gets trapped and localized by a
defect or self-trapped due to small polaron fororatin this case, again the lodalsymmetry
may become relevant and JTE may occur; this pdisgimll be discussed later in Section 8.

6. JTE in polymers and quasi-1D conductors

For the reasons that should be clear from the pusvsection, most experts believe that JTE is a
“point” or “OD” phenomenon, restricted to molecubkasd small atomic or ionic clusters, and that
it can not occur in periodic systems with exten&ath-wave states. Nevertheless, | think that
there might be an exception to this rule that awest experts are unaware of. Namely, in certain
quasi-1D systems, such as polymers, extenbaad degeneracy can occt®® In this case, the
number of (JTE-active) one-electron states thatritrie to the vibronic instability can be very
large — of the order of the number of atoms, likéhie standard JTE:*

The difference between the Peierls model, whichaameclassify as 1D, and a polymer, which is
quasi-1D, is that apart from the translational symmedlgng the chain axis common to both
cases, the later may have nontrivial, discretetpgioup symmetry. Examples are: rotation C
around the (vertical) polymer axis, order-two rmatU around a horizontal axis, vertical and
horizontal mirror planes. Also possible are scres@saand glide planes. The spatial symmetry
groups of stereo-regular (periodic) polymers aee lthe groups® They gives rise to quantum
numbers such as quasi-momentum, quasi-angular mameand parities with respect to mirror
symmetry planes.

As a very simple model example, consider a periadiay of benzene rings stacked along the z-
axis and take into account only a singlerbital per C atom. Sixfold-rotation symmetry akls
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provides the quantum number m =#1, +2, 3, the quasi-angular momentum. Any vertical
symmetry plane makes m = +1 equivalent to m = d &2 to -2, hence there will be two dou-
bly-degenerate levels, which we can denote agdhd E . If we allow for some hopping be-
tween the neighboring rings, these states will wvahto electron energy bands that carry the
same quantum numbers. Hence, there will be two $aBd; and E_, doubly-degenerate
throughout the Brillouin zone (BZ).

As a real physical example, consider e.g. a singlié- zig-zag (4,0) carbon nanotube. It has
L84/mcm line group symmetry, and every k-vector has@ point group symmetry? The lat-

ter group has some two-dimensional irreducible @spntations, and as a consequence, in this
nanotube some electron bands are two-fold degenématughout the Brillouin zor&.

Band degeneracy in principle opens a possibilitytiie band JTE — instability of the polymer
with respect to a distortion that would split amparate the two band¥* For this to occur in
reality, apart from the band degeneracy it is alscessary that the band is relatively flat, so that
AE = Q <y(-kp) | 0U/6Q | w(ke) > is larger that the bandwidth. However, if trend is too nar-
row (i.e., if the bandwidth is less thagTR, localization will occur and we are back to OD.

7. (BeH»), band structure, p-JTE

Long ago, already in late seventies, | have idieti& candidate compound for thand JTE - a
bizarre electron-deficient polymer, (Bgkl It has been a favorite of quantum chemists dt tha
time (of punching cards and Kbyte computers) bezdusnly contains few lightest atoms - and
because it actually exists, in contrast to othepge model chains frequently studied then.

The (BeH)x polymer structure is illustrated in Fig. 1. Tharslational repeat unit of (Be}d
polymer contains 2 Be and 4 H atoms. The polymeanvariant with respect to the line group
L4,/mcm which can be generated by an order-four semis (C | 1/2), two vertical mirror-
symmetry planeso | 0) and (Iy| 0) and a horizontal symmetry plan® [0). The relevant sub-
group of the line group LANcm is L4mc, since it leaves the k-vector invariant and bkeits
irreducible representations can be used to lakeBlbch states and the electron energy bands.
Only three of these are relevant he#g, KAz, andE; 1. In the tight-binding model, it is suffi-
cient to consider only two atomic orbitalg) > and Yge > and two hopping integrals, t T

| o Pge > and t' = Py | FE[C4| 1/2] Py >. Using the proper symmetry-adapted linear com-
binations of atomic orbitals (LCAOS$),0ne can easily calculate the relevant (the loweste)
bands; these are shown in Fig. 2. [More detailetlaanturateb initio SCF Hartree-Fock calcu-
lations give quite similar bands, plus others abave below’®*4

Apparently, in this model, the highest occupiedd&n.; is two-fold degenerate throughout the
BZ. This may change if we allow the structure tstaiit. Consider, for example, libration og H
units around the z-axis, one clockwise and the pext counter-clockwise by the same angle.
This breaks the screw axisC1/2) symmetry, and the line group reduces2émcm which has
no two-dimensional irreducible representations. déerthe entire £, band splits into two non-
degenerate bands. However, if the;and was originally full, this would provide novgags in
energy — one band shifts down, the other up by#mee amoume, and there is no vibronic in-
stability. However, if the E; band is partially occupied, the situation is diéet — after the dis-
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tortion, the lower band is full and the upper oseartially filled, hence there is a net energy
gain. This will be offset by the elastic restitutiorce, but for librations this can be relatively
weak since there is no change in the length of aterbonds. So, this would be an example of
the band JTE, with very stromear vibronic (libronic!) coupling, because all the @l®ns in
the & .; band would participat&:*°

In reality, one could reach this situation by pewgoping, e.g., by replacing some Be by Li.
[This has actually been accomplisiidds we will expound below.] So, Li-doped (BgHwas
my prime candidate for ‘high-temperature’ superaaiivity; note that this was happening long
before the cuprate revolution and hence to merttestnt something like 20 K. | was aware of a
major theoretical hurdle, which H. Thomas, who wB® interested in this problem, pointed out
to me first at some conference in late seventldsaye learned from Alex that his own thinking
was inspired by an early paper of H. Thomas andockevs3® of which | have learned only
much later, since it was published in a journat thias not on my reading list.] His killer ques-
tion was whether indeed the above situation isl @banpatible with metallic conduction, or else
the carriers would necessarily be localized and afita. 1t should be possible to answer this
guestion theoretically, determining more accuratbly real electron spectrum of (Bgk the
width of the E_.;band, the elastic constants, etc. Experimentdily,question is simply whether
Li-doped (BeH)x can be made metallic, or it will stay insulatirigah doping levels.

8. Exps: (BeH»), crystal, transport

Indeed, after my theoretical ‘insight’ that (Bgkipolymer may be a candidate HTS material, |
tried hard to find out what is known experimentallyout this material. | was rather surprised (at
that time) to find exactly nothing in physics joals. After a substantial effort - at that time d di
all my literature search by manually browsing tlgloutnumerous issues of Physics Abstracts and
the Russian Referativnii Zhournal - | founde interesting paper published in ‘Inorganic Chem-
istry’, in a journal that | certainly did not reagigularly. The paper, by Brendel atRireported a
recipe how to prepare crystalline (Bg They mixed amorphous polymeric solid Bewlith
some Lithium (e.g. 0.5-2.5 mol % of LiH) and thegpked compaction-fusion, i.e., exposed the
powder to high temperature and pressure for a fthed interval, then releasing both p and T.
They explored the phase diagram uppte 12 kbar andl = 250C (during compaction) and
found several crystalline phases, depending endT. The densest phase (0.77 glrmas sta-
ble, white to light gray in color. However, in somarrow ,T) range the product turned out to
be ‘glassy and black’, even though it was indistisgable from the normal compacted material
by chemical analysis, X-ray diffraction, and ingdrspectroscopy. There was no evidence of
free Be metal, either. They authors speculated tableetron delocalization in this metastable
phase, which presumably meant that it was indeddlle The primary role of Li in this work
was to terminate and shorten the (BgHhains and promote crystallizations. However,rin-p
ciple this doping could also introduce carriersléspin the topmost, two-fold degeneratgE
band.

So, after reading the Brendela. paper> my interest in Li:(Behy increased further. Indeed |
would love to try to synthesize this and other tigtetal hydrides in thin film form, using pow-
erful COMBE technique and high-throughput testing aharacterization that now | have in my
hands®’ | have tried repeatedly to get funding for sucpeziments, but so far without success.
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Nevertheless | am optimistic that the climate in tdSearch administration circles has changed
for better and that now there may be a much mone\mdent look at efforts to search for super-
conductivity in new classes of materials hithem@xplored. Also, in the meantime | have found
(thanks to Google and the Web of Science) a Iittte information on beryllium hydride. It
turned out that beryllium hydride is also attraetto people interested in (i) solid rocket propel-
lants, (ii) very efficient moderators (e.g. for nrak very small nuclear bombs), and (iii) hydro-
gen storage materials** Learning this, | suspect that physical propertieeryllium hydride
may have indeed been studied in much detail, dvauingh so little has been published.

9. Vibronic coupling in cuprates?

In relation to superconductivity, clearly we aréenmested in crystals that are metallic. This im-
plies that there must be sufficient overlap betwibenrelevant atomic orbitals. As we have seen,
JTE proper cannot occur in higher dimensions (2® 2) but only in molecules or small iso-
lated atomic cluster€. The usual story about crystal field splitting ofieefold-degenerate d
level into a threefold-degeneratg and twofold-degeneratg, éevels, and subsequent further
splitting of g due to JTE distortion may apply to an isolated €a@ahedron, but not to a metal
in which electrons occupy extended Bloch orbithddact, in cuprates strong Cu-O hybridization
produces a relatively broad (~ 1 eV) band, juddmgh Angle-resolved photoemission spectros-
copy (ARPES) and Angle-resolved magneto-resistascélations (AMRO); in optimally doped
and overdoped samples both techniques show nit®(ah essentially 2D) Fermi surfadés?

On this side of the phase diagram, there are ailgas of decent Fermi-Liquid behavior, such as
decent Wiedeman-Franz-law behavior.

At low doping levels, the situation may be diffeespecifically below the metal-to-insulator
crossover at = 0.05 one could imagine that electron localizatiway occur, in which case one
should not be surprised to detect concomitant Iteisiice distortion (cuprates are essentially
ionic crystals!), and even perhaps JTE. If thiseed happens, polaron or bipolaron formation
may play the key rol&*’ But to say the truth, | have not understood yeatwdauses this cross-
over in the first place — the jury is still out. imanganites the situation may be a bit cleareh wit
some typical signatures of both large and smalknool behavior (at low and high temperature,
respectively)f®>

As for the immediate future, in my group at Brookéia National Laboratory we have mastered
the technique of growing quite reproducibly atorticamooth and perfect HTS films, in par-
ticular of LaSrCuQO, with doping level ranging from x = 0 to x = 0.5Ihis indeed opens the
door to many interesting experiments some of whighalready well on track. | hope that before
long, on the scale of months, we will be able taoamce results that will shed some new light
on the great cuprate puzzle, and Alex will rejoice.
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Appendix. Karl-Alex Mudler: a personal touch

| first met Alex at Ted Geballe’s beautiful estateWoodside, CA (not far from Stanford) ex-
actly 20 years ago, in the spring of 1987. Theypstdrted early in afternoon and lasted till late
in the night. Pierre-Gilles de Gennes, whom | ayeknew from his earlier visits to (what was
then) Yugoslavia, was also present. He and sewéhal guests succumbed to the temptation of
the sunny California day to swim in the large patk did not know that two in the company
were to become Nobel laureates subsequently, Ajethé end of the same year, and Pierre-
Gilles four years later. But at this party they #vetill mortals and | used the chance to bug them
with some physics. | found soon enough that Alexristies strong opinions (to borrow
Nabokov's phrase). | guess | do as well, so ouvemsation appeared more like a debate. We
have continued discussing in the same spirit oerséwther occasions — | remember well our
long walks and talks in snow (which didn’'t seenbtiher Alex at all) in Closters, Switzerland,
as well as several private dinners in warmer places as Los Alamos and Santa Fe, and else-
where. Even though our opinions are rarely idehfiaa | am afraid this article testifies), Alex
has never ceased to impress me with his lucidity lagic — apart from his physics intuition,
which no one can question. And then there is Hectious enthusiasm — he cares about physics
alot, it is his great passion.

Another seems to be fast cars. My favorite K.-A.elller anecdote is that he actuallypve from
Zurich to Bremen and back — | guess abodtkll@meters one way — just to visit my laboratory,
see my MBE system, and discuss physics. [True,dsestll young then — only 73!] Actually, he
tried — and succeeded, his enthusiasm was infectioto convince me to try to reproduce the
result of a group from Japan who claimed to hawsn gbe giant proximity effect (GPE) in Jo-
sephson junctions with L@:Sr1CuQs (LSCO) electrodes and §.#81.3MnOs barrier>* both
polaronic materials according to Alex. | indee@dri- but failed; we saw no supercurrent what-
soever, even with very thin manganites barrierss ofi course did not prove much — there are
many ways in which one can make a bad junction,lertte | have never published this. We
got one possibly interesting result from our attesrip reduce the lattice mismatch and improve
the epitaxy by reducing the La content. Eventubliyed using pure SrMng) although | could
not find any information about its bulk lattice stants. | e-mailed to several expert friends and
two, Ted Geballe and Darrell Schlom, responded pttyrthat SrMnQ is actually hexagonal.
But thanks to the nine-hour time-zone differenae aékperiment was already underway and | ac-
tually observed excellent hetero-epitaxy. We sysittesl SrMnQ in perovskite structure, pseu-
domorphic to LSCO, by virtue of epitaxial straindastabilization. However, this perovskite
SrMnQ; did not transmit supercurrent, sSo we never pubtsthis result either, although | did
show it at the MRS Meeting later the same year @uple other conferences. Subsequently
other groups published the same result. We follotisl line of investigation by trying other
candidate compounds and eventually succeeded torddrate GPE using underdoped LSCO as
the barrier materiaf

Recently, Alex has suggested to me another exatieg that | cherish and indeed intend to put
to experimental test as soon as possible. Maykdithe | will be luckier — future will tell.
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Fig. 1. A model of [Beklx polymer. The line group is4,/mcm.
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Fig. 2. Simplified tight-binding band structure[BeH,]«x polymer. Note that the;&
band is twofold degenerate throughout the Brillazone. It is fully occupied in
[BeH;]x but could be made partially occupied by e.g. Lpidg.
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Fig. 3. April 21, 2006 at the house of Leilani é&téve Conradson (standing left,
with their son in between): the celebration of A%ex9d" birthday. Seated, left to
right: Davor Pavuna, Takeshi Egami, Alex, and Higdler. Standing right: Natasha
and lvan Bozovic. Missing in the picture is Draddiailovic who took this photo.
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